In this paper, the singularly-perturbed design of an autopilot system of a high speed fighter aircraft, for the same authors (1985), is modified. The previous suboptimal design based on singular perturbation technique was proper only for aircraft operation near its nominal flight conditions. The new proposed adaptive design would be adequate for all possible changes of aircraft dynamics. The plant with varying parameters, representing aircraft, is controlled to behave nearly similar to a chosen first order reference model.
Since a supersonic fighter aircraft does operate in a very wide range of flight parameters; it represents a drastically changing dynamical plant. The model reference 'adaptive control technique is a useful approach to the control of the dynamic system with unknown parameters (Landau 1974) . Such a scheme generally requires complicated computations, so that the adaptive controller is best implemented with a digital computer. From this point of view, the adaptive control system has to be designed in discrete form.
The exact mathematical representation of the global control loop, of longitudinal flight of aircraft system, will lead to a high order plant model. Neglecting the relatively fast dynamics, and taking into consideration the conditions of the considered levelling control mode, the system can be described by a second order model with a reasonable degree of approximation. Using lower order approximate models, suboptimal responses are achieved but they are sufficieutly adequate.
The rest of the paper is organized as follows : the general equations of the adaptive control problem are stated in section 2. In section 3, the used adaptive algorithm is explained. The proposed adaptive controller is developed in section 4. Computer Simulation results are given in section 5, and conclusions appear in section 6.
STATEMENT OF THE PROBLEM
Consider the continuous linear dynamic system (plant) interconnected by a set of sampler and zero-order hold device, which is shown in fig.l Let the continuous transfer function of the plant be described by where xm (k) is the model output, and r(k) is the reference input. The coefficients a mi and bmi are pre-specified so that the model may yield a stable and desired response to the reference input.
USED ADAPTIVE ALGORITHM
It is a discrete model reference adaptive scheme designed about Popov's hyperstability criterion, and it is easily implemented with a small number of on-Line computations. The proof of its hyperstability properties are available in [5] , Two primary intermediate variables are used in the computations because they greatly simplify the notation. V (k) is a 2n x1 vector comprised of the last n plant outputs, the last (n-l) inputs,and the next model output.
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With these variables, the coefficients of the cubic equation for the augmented error Eta ( 77) can be computed
After7 thas been determined from Eqn. (7), it is used to alter the adaptive variables in nonlinear difference equations
These adaptive variables are then used to compute the control signal for the plantv input.
11 ( From (10) and (4), control input can be described by
For simulation studies the sampled plant output is computed, while in application, the actual plant output is used instead.
4.APPLICATION ON AIRCRAFT SYSTEM

Mathematical Model of Aircraft System
The open loop transfer function between aircraft pitch angle (B) and elevator surface deflection (;), for the considered levelling control mode of a typical aircraft [7] , can be approximated by the simple form :
S(► -1-eps)
Where kP P are the gain and time constant of pitch motion of aircraft respectively.Numerical values, estimated at asumed noAinal flight con tions [9] k k* e are calculated in order to achievea second order plant with critical damping of 0.707, and natural frequency of 2 rad/sec., at assumed nominal flight conditions. They are found to be ke = 3.125, kg =1.68.
The pitch control channel with a classical autopilot, controller with constant state feedback gains, would represent the unadapted second order plant. The negative state feedback gains are chosen to achieve optimal response at normal flight conditions of the typical aircraft (natural freq.co = 2 rad/sec damping factor Sd=0.707). The transfer function of plant-at certain flight parameters can be represented by H (s) = (13) S2 + 2.828 S+4 For a sampli interval of 0.1 seconds, the discrete transformation H(z ng ), can be obtained using techniques described in Franklin and Powell(1980) 0.0346 z-1 Thus, we note that the adaptive controller structure for such a varying plant, is strongly needed.
COMPUTER SIMULATION RESULTS
The adaptive design of the aircraft auto-pilot system was subjected to input pulses of amplitude of 0.1 rad., and with 10 seconds duration in one polarlty.All adaptive gains (C, ) were set to 10 and the controller gains (G 4 ) were initialized to zero in some cases, and to better adapttd ones in others.
The output response is shown in Fig.5, Fig.6 . for different plant dynamics and, two cases of the chosen reference model.
It is clear from the obtained responses, that the plant output matches the reference model output for different plant dynamics, nearly after 1-2 cycles. Note that model following ability is better for 2 second time-constant model than the other model.
CONCLUSIONS
The previous near optimal response of the previous controller design with constant state feedback gains [7] , is maintained only within the prespecified normal operating conditions. But beyond the operating region of the design parameters, the adaptive controller is relied upon to produce a response _J Which is superior to any other response would be 
